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, ABSTRACT

This is the tenth quarterlyreport under a program to develop integralglass

encapsulationfor solarcellarrays.This reportdescribesthe statusof development of

the teehniquc_for employingelectrostatic)ondingin conjunctionwith terrestrialsolar

cells.

J
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SECTION 1

t+ INTRODUCTION
x-1

} This i.s the tenth quarterly report under a JPLIDOE program for the

r

development
i

of permanent, integral glass encapsulation of terrestrial solar pbotovoltaie arrays by

I electrostatic bonding (ESB). The goal of this program is to develop electrostatic bonding

to the point of being a eost-effeetlve, practical, and automatable process that can be

employed for large-scale production of arrays with lifetimes of more than 20 years. This

'_ reportcovers work performedduringtheperiodfrom 11 Aprilto 10 July1979.

; Electrostatic bonding is a technique for forming permanent bonds between silicon
}

(or other materials) and glass, without the use of adhesives. The bond is formed quickly

and, once formed, can be stronger than eitherof the materialsbeing joined. The

inherentstrengthof the sealmakes thisan extremelydurableencapsulationmethod, and

the simplicityof the processmakes itsuitableforautomation. Economic analyseshave

shown thatelectrostaticbondingcan meet the 1986 LSA pricegoals.

Two basle types of electrostaticallybonded modules wera demonstrated during

Phase IIof thisprogram, both based on an integralglasssuperstrateassembly. A

number of conventionalbackingscan be used to complete the encapsulation,or a back

glasscan be attached by electrostaticbonding for ultimate durability.Both module

types have proved theirreliabilityin acceleratedenvironmentaltesting.In the present

program phase,these fundamental designswillbe scaled up to a largersize-- to the

maximum possibleusingexistingequipment -- and routine,consistentmodule production

willbe demonstrated.

-I-
T
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SECTION 2

TECHNICAL STATUS

2.1 GENERAL

Efforts during this quarter concentrated on preparations for the scaleup from the

four-cellmodules produced in Phase IIto largersix-cell assemblies.Among the a,'_as

receivingattentionwere the acquisitionof largeglasspieces,development of a larger,

more efficientcell,the deign of an improved terminalconfiguration,and the fabrication

of bondingfixtures,Allof theseeffortsare approachingcompletion,and initialbonding

experimentsareready tobegin.

2.2 GLASS FOR ELECTROSTATIC BOFDING

One lotof hand-rolled7070 glass,comprisingtwo hundredsixty5.7inchx 7.7inch

pieces,hasbeen receivedfrom Coming GlassWork_. Althoughthe pieceswere flattened

at CornLng,they are not fiatenough to be ground and polished.Initialexperiments

indicatethatthe bonder can be used to flattenthe ,_iecesto an acceptabledegree. Itis

expected that the bonder-flattenedglasswillbe usablefor module fabricationwithout

furtherprocessing,inspiteof a somewhat roughsurface.

2.3 MODULE DEVELOPMENT

2.3.1 Advanced Module Cell

The designof a new cell,largerand more efficientthan that used in four-cell

bonded modules,was discussedinQuarterlyReport No. 9. A few sample cellswere made

during this quarter,but the lack of complete evaporationfixturesprevented the

processingof complete lots.The necessaryfixturesare now on hand, and a testlotof

cellsisinprocess.

The I-V characteristicof one of the sample cellsis shown in Figure I. As

expected,the new cellhas greaterpower outputthan the cellspresentlyused,due both

to itslargerarea (from 5 cm squareto 5.64cm square)and to an efficiencyimprovement

of atleastone percentagepoint.

1

_ -2-
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2.3.2 Output TerminalDevelopment

i One of the advances made duringPhase IIof thisprogram was thedevelopmentof

an output terminal configuration that preserves the hermetic seal of an

, all-glass-encapuslatedmodule, while allowingeasy electricalaccess. The structureis

b_ed on an aluminum foilpad electrostaticallybonded to bothfrontand back glasses.A .-

brass stud isthen solderedto the pad, whilepassingthrougha holein the frontglassfor

additionalmechanicalsupport.A sketchof thisconfigurationappearsinFigure2.

Drillingholes in the frontglassnecessarilyviolatesitsstructuralintegrityand

weakens itsresistanceto stress.Moreover, the rigidsolderJoint,formed at elevated

temperature,leavesresidur_stresseson cooling,due t3 the thermalexpansiondifference

between theglassand the massivemetal terminal(cracksinthe glasssometimes result).

To eliminatethese drawbacks withoutsacrificingthe advances alreadymade, a

new terminal design is needed. For Type I modules, the scalingpropertiesof the

aluminum pads are not needed,since a bonded back glassis not used. The pads have

thereforebeen eliminatedfrom the new Type I terminaldesign,which is sketched in

Figure3. The use of EVA preventsstressfrom arising,whilethe largearea of adhesion

providesmechanicalstrengthwithoutdamage to the frontglassassembly. A prototype

terminalof thistype has been made and assembledon a four-cellmodule to demonstrate

the concept. A similardesignfor Type IImodules,retainingthe sealingcharacteristics

of thebonded foil,isinpreparation.

2.3.3 BondingFixtures

Alignment electrodesfor the bonding of six-cellmodules have been fabricated.

They incorporateinsulatingpinsto positionthe cellsand shallowslotsto accommodate

the interconnectribbons.The designis identicalin concept to that used for four-cell

modules,which has been extremelysuccessfulin speedingprocessing,increasingpacking

densityto 95 percent,and eliminatingfailuresdue to interconnectbreakage and cell

slippage.

i -4-
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2.4 FACILITY MODIFICATIONS

*' A heater has been added to the preheat/annealstageof the bonder,to slow the

radiantcoolingof samples and permit the attainmentof higherant,ealingtemperatures.

i Prior to the modification,it was difficultto reach temperatureshigher than about

' 450°C, wellbelow the annealingpointof 7070 glass,496°C. As a result,the coolingrate

i of the sample through the annealingrange could not be controlled,and the modules

evidenced residualstressdue to thisrapid nonuniform cooling.With the new heater,

i temperaturesabove 500°C can easilybe reached,and the annealingof modulesshouldbe ,_
4

accuratelycontrolled, t

I

I Wo-k has c<mtinuedon preformed mesh metallizationtrapped by ESB as a cell ,
front contact. Such metallizatic_has the Dotenti_lfor low cost, in that the

metallizationis appUed duringthe encapsulationstep ratherthan in a separateprocessstep. During Phase ]],cellswith c_r_ fillfactorsas high as 69.4 percent had been

produced,usingsilvermesh witha strandwidthof 1.9mils(48micrometers).

Severaltestmodules were made withfourcells,allusingtrappedwire mesh as the

front contact. Figure 4 shows the I-V marve of one of these modules. Although the

total-modulecurve fillfactoris48 percent,the best cellhad a fillfactorof 62 percent

and a totalpower of 234 mW (seeFigure5),indicatingthatconsiderableimprovement is

possible.

Work alsocontinuedinlookingat alternativemeshes. The best mesh identifiedin

Phase E was 1.9m_ silvermesh. We have now tested2.8 railsi]vermesh with the same

linedensity(20 lines/inch).The best cellprod,)ced(_e Figure 6) had a considerably

betterperformance with a curve fillfactor74 percentand a 5 percentimprovement in

peak power over the previousbest cell. The sample _as made without a titanium

; overeoot o_ hydrofluoricacid wafer clean before bond, both of which have resultedin ._

! improvements inperformanceover thepreviousm_h. "
¢

i
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Also tested was a _oven molybdenum m_sh. Molybdenum is not currently

I availablein elect_formed mesh. The molyt_denummesh testedhad a wire diameter of

1.6 mils(40 micrometers)witha linedensityof 42 lines/inch(17lines/era).Sincewoven

} mesh has overlapped lines(unlikeelectroformed mesh, where all intersectionsare
i

planar),the ma_mum projectionof thismesh is 3.2 mils (81 micrometers),making the

mesh difficultto accommodate. The bestceltto date made with thismesh has a curve

factorof 63.5percent.

More measurements of mesh to siliconcontactresistancewere made usingthe

test setup shown in Interim Report 2. Contact resistanee_between 26.9 and 53.5

miiLiohms-cm2 were recorded,withan averagevalueof 34.9milliohms-cm2.

2.6 MODULE DELIVERIES

The delivery of four-cell modules for Phase II continued this quarter. Eighteen

bond_ Type I assemblies were delivered to JPL for application of EVA/aluminum foii

backing and ineor,noration into three standard size minimodules. A representative I-V

curve appears in Figure 7. Tim use of an alignment electrode Ires made the fabrication of

weLl-bonded four-cell assemblies with good electricai characteristics a routine process.

Process y_eld exceeded 80 percent during this fabrication run.

-11-
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SECTION 3

_ CONCLUSIONS .

Duringthisperiodthefollowingprogresscan be reported:

;-

1. Routine productionof four-cellmodules has been demonstrated,with _

reproduciblecell and interconnectpositioningand reduced operator {

handling. "

2. Nearlyallof the necessarymaterialsand fixturesare on hand for the

, bondingof six-cellmodules.

t 3. An additionalheater has been added to the bonder givingimproved :

i controloverthe annealingof bonded modules.
{

4. A new output terminal for Type I modules has been designedand

i demonstrated.

5. Improved results have been obtained with preformed wire mesh

metallization.Best fillfactorsarenow 74 percent.

)

i -13- !
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SECTION 4

PROGRAM PLAN
i

During the next quarter, glass flattening and bonding experiments will be

conducted, and production of the new bonder cell willbegin,leading so the production of

the firstdeliverablesix-cellmodules. Wm, k with preformed metallizationwillcontinue.

I
,f
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